Although histopathology is required for definitive diagnosis of fungal infections, conclusive identification and discrimination of fungi in tissue sections and cytological preparations remain technically difficult. Therefore, new diagnostic tools are needed for the routine diagnosis of pathogenic fungi. In situ hybridization（ISH）is a non-culture based procedure that has many advantages over traditional diagnostics for identification of pathogenic fungi in histological specimens. This review highlights the basic ISH technique, with particular emphasis on using pretreatment of tissue sections prior to hybridization to solve problems associated with formalin fixation. With this modification, ISH has become a valuable tool that complements conventional histopathological diagnoses in formalin-fixed and paraffinembedded（FFPE）tissues. However, understanding the limitations imposed by formalin fixation is essential in developing suitable ISH protocols for fungal identification.
Introduction
Fungal infections are primarily diagnosed using clinical cultures or histopathological examinations. The culturing of clinical samples remains the gold standard for the diagnosis of fungal infections. However, fungal cultures lack sensitivity and require long periods of incubation. While histopathology can provide definitive diagnoses of fungal infections, differentiation of pathogenic fungi is difficult because these organisms may demonstrate similar clinical features and comparable morphological progression in fungusinfected tissues. Despite these similarities, emerging pathogens often exhibit different in vitro susceptibilities to antifungal agents, making precise characterization of the invasive mold infections increasingly important in choosing the antifungal therapy 1） . The limitations of current diagnostic methods led us to develop a nonculture-based method for the identification of pathogenic fungi in formalin-fixed and paraffinembedded（FFPE）tissue sections, which are widely utilized in routine diagnostic procedures. In situ hybridization（ISH）is a technique used to detect nucleotide sequences in pathological preparations that can be applied to the diagnosis of fungal infections of FFPE tissues 2, 3） . The lack of a standard method for the use of ISH in FFPE tissues remains a major issue due to formalininduced cross-linkages that render target nucleotides undetectable. Tissue unmasking is a critical step in producing high sensitivity for target detection in tissues. Therefore, various unmasking protocols have been used on formalinfixed tissues（10%）in efforts to increase detection levels. This review examines the effects of ISH pretreatment methods on the diagnostic accuracy of fungal infections in FFPE tissues.
The influence of formalin fixation FFPE has been the most popular tissue processing technique in diagnostic pathology for more than 100 years, providing the criteria for pathological diagnosis in hematoxylin-and eosin-stained tissue sections. However, formalin fixation can lead to nucleic acid fragmentation and crosslinking between nucleic acid strands and tissue proteins. We first assessed the influence of length of over-fixation on nucleic acid quality as assayed by the ability of DNA from FFPE-cultured fungi to serve as a template for the amplification of 300-and 700-base pair（bp）fragments 4, 5） . Broad-range PCR assays targeting the ribosomal RNA（rRNA） gene showed that amplification of 300 bp was successful with DNA isolated from FFPE sections within three days after fixation（Fig. 1） ; longer amplicons（700 bp）could not be generated. Therefore, tissues treated with formaldehyde were not ideal for amplification analysis since only a short target could be amplified by PCR. Unfortunately, we have no data comparing gene amplification by PCR of fungi with detection of fungi by ISH. Furthermore, little is known about the influence of formalin fixation time on ISH. Further studies are required to determine the precise effects of FFPE on ISH.
Pretreatment of tissue sections prior to hybridization
The major factors affecting the detection of target nucleotide sequences in ISH include the nature of the fixative; pretreatment of tissue sections; hybridization temperature; formamide concentration in hybridization buffer; NaCl concentration in the wash solution; and probe sequence and hybridization efficiency. The most critical issue for ISH performance using FFPE tissue is inaccessibility of the probe to target nucleic acids, primarily influenced by the duration of formalin fixation（Fig. 1） . Pretreatment of tissue sections prior to hybridization can decrease the effect of formalin-induced cross-links and enhance the signal intensity of the bound probe. We evaluated the effects of various pretreatments to identify optimal protocol conditions（Fig. 2） . The results showed that high-temperature heating in solutions of high pH is especially effective in overcoming reduced intensity. The pH of the heating solutions was particularly critical for staining intensity（Fig. 2） . The heat pretreatment in our protocol is derived from earlier work on antigen retrieval techniques used in conventional immunohistochemistry 6） . Similarly, the important role of the pH of the heat treatment solution was previously described 7） . Our optimized protocol for pretreatment of tissue sections includes heat treatment at 98℃, followed by a short proteinase K digestion. The mechanism by which pretreatment of tissue sections enhances signal intensity
is not yet fully known, but it is possible that pretreatment induces breakage of the methylene bridges produced by formalin fixation 8） .
Identification of filamentous fungi
The advantages and applications of ISH of Fig. 1．Effect of fixation on nucleic acid integrity. The effect of fixation on nucleic acid integrity was examined using DNA from FFPE cultured Candida albicans. Fresh cultured fungi were fixed in formalin for 0, 2, 24, 72, 168（1 week） , 240, or 360（15 days）hr, and then the fungi were embedded in paraffin. Fungal DNA was amplified by broad-range PCR assays targeting the ribosomal RNA gene. The 18SF1-58SR1 primer pair was used to amplify internal transcribed spacer 1（ITS1）region of the ribosomal RNA gene and the B2F-B4R primer pair was used to amplify 18S ribosomal RNA gene. With this approach, approximately 300-bp product and 700-bp product were generated by PCR with the 18SF1-58SR1 primer pair and the B2F-B4R primer pair, respectively.
formalin-fixed tissues for the diagnosis of fungal infections have been recently reviewed 9） . The histological diagnosis of invasive septate mold infections, including those caused by Aspergillus, Scedosporium, and Fusarium, is particularly difficult because these fungi may have similar clinical features and exhibit filamentous development in fungus-infected tissues. In our previous work, we confirmed the utility of employing a dsDNA probe targeting the alkaline proteinase（ALP）gene, a single copy gene located on the chromosome of A. fumigatus
10）
. We also confirmed that ISH with peptide nucleic acid（PNA）probes targeting the 28S rRNA of Fusarium spp. is a valuable tool in differentiating Fusarium spp. from other molds 11, 12） .
Identification of the dimorphic yeast
It is also important to be able to identify fungal pathogens that possess yeast-like morphology in host tissues, in particular, differentiation of Trichosporon spp. from other dimorphic yeasts such as non-glabrata Candida spp.
13）
. We previously developed a PNA probe for Trichosporon spp. and evaluated it for use with FFPE tissue sections. This probe is sensitive, specific, and able to distinguish Trichosporon spp. from Candida albicans 14） .
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Expected usefulness of ISH
The advantage of diagnosis using ISH on formalin-fixed tissues is that the results can be viewed and interpreted in conjunction with the histological features of the infected tissues. ISH of fixed tissues also facilitates the safe handling of specimens containing virulent pathogens such as Blastomyces dermatitidis, Coccidioides immitis, and Histoplasma capsulatum. Also, formaldehyde is a very effective fungicide against these three pathogens 15） . Therefore, ISH confers the ability to connect diagnoses and histologic properties of tissues while reducing exposure to hazardous biological agents in the clinical laboratory.
Quality assessment
ISH is now accepted as the most useful auxiliary method in diagnostic pathology. The increased application of ISH as a diagnostic method in histopathology requires the implementation of quality assurance procedures. It is critical that diagnostic laboratories performing ISH include quality control measures and attempt to determine the sensitivity and specificity of the staining technique for fungal pathogens. The sensitivity and specificity of the stain must be assessed against known negative and positive cases. In addition, assessment of the rRNA retention and hybridizability is essential for quality assurance procedures, since loss of rRNA or probe inaccessibility can yield misleading results. In our study, we designed a panfungal PNA probe and confirmed that ISH signal intensities were similar to those produced by species-specific probes. These findings suggest that use of the panfungal probe with ISH may be useful for the estimation of hybridizable rRNA for the specific detection of human pathogenic fungi in FFPE tissues
11）

Conclusions and future work
The establishment of culture-independent techniques is desirable for histological diagnosis of fungal infections. Our ISH protocol has been optimized for the routine processing of tissue sections to facilitate the diagnosis of fungal infections. In conclusion, ISH is a novel method that can be applied for the diagnosis of fungal infections with FFPE tissues. However, understanding the benefits and limitations of formalin fixation is essential for developing ISH protocols to identify pathogenic fungi from FFPE tissues.
